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Abstract
The expression of small GTP-binding protein genes of the ras superfamily was examined in pigmented human melanoma
cells by a PCR-based strategy. Twenty six different partial cDNA sequences were isolated, including 17 members of the rab
subfamily, of which 9 represented novel genes. Some rabs expressed in melanoma cells overlapped with those of platelets;
this should prove relevant to the investigation of murine and human disorders characterized by the combination of pigment
dilution and a platelet storage pool defect.
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Rab proteins are a family of low molecular weight
monomeric GTPases localized on the cytoplasmic
surfaces of distinct membrane bound organelles. They
are believed to function in the process by which
transport vesicles dock andror fuse with their target
membranes. Rab proteins involved in endocytic and
exocytic pathways have been studied in some detail.
It has been predicted that mammalian cells synthesize
a large number of rab proteins, each associated with
distinct intracellular membrane compartments. Many
rabs are expressed in a ubiquitous manner, while
others are expressed in a limited set of cell types, and
may be required for steps in membrane trafficking
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unique to a particular cell. For example, rab3a is
expressed specifically in neurons and may be in-
volved in the secretion and release of neurotrans-
w xmitters at a synapse 1–3 .
Another cell type with a particular function is the
melanocyte, which contains unique pigment-produc-
ing vesicles called melanosomes. An impairment in
melanosomal function characterizes two intriguing
autosomal recessive human disorders, Hermansky-
 .Pudlak syndrome HPS and Chediak-Higashi disease
 .CHD . HPS patients exhibit a triad of oculocuta-
neous albinism, a bleeding diathesis called a platelet
storage pool defect due to the absence of small
.storage vesicles called dense bodies , and accumula-
tion of ceroid-like material in reticuloendothelial cells.
CHS patients, in additional to partial oculocutaneous
albinism and a platelet dense body deficiency, have
recurrent pyogenic infections due to giant, dysfunc-
w xtional lysosomes 4 . Similar to a group of mouse
mutants with coat color changes and a platelet stor-
age pool deficiency, the hypopigmentation in both
CHS and HPS appears related to an improper forma-
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tion of melanosomes within melanocytes. Since
platelet secretory granules, dense bodies in particular,
share membrane characteristics with melanosomes
w xand lysosomes 5 , these three organelles may arise
from intracellular membrane precursors in a common
fashion.
Based on the function of rab proteins, we postu-
lated that rabs or their modifying proteins are in-
volved in the formation of these intracellular vesicles,
and that dysfunction of this process may result in
HPS, CHD, or the related mouse mutants. Gunmetal,
one of a dozen murine mutants with a storage pool
deficiency, exhibits a change in expression of an
w xunidentified small GTP-binding protein 6 . Because
the full contingent of rab and rab-like proteins in
cells of melanocytic lineage is not known, studies
relating rabs to human melanocytic disorders have
not been performed. As a preamble to such studies,
we employed a PCR-based strategy to examine the
spectrum of rabs expressed in melanoma cells, with
the hope of identifying novel rabs or isoforms unique
to melanocytic cells.
Pigmented human melanoma cells, obtained from
the American Type Culture Collection Rockville,
.MD , were grown to near confluence in DMEM.
Total RNA was prepared from cultured fibroblasts
and lymphoblasts using RNA-Zol Tel-Test,
.Friendswood, TX . cDNA was synthesized from total
RNA of human melanoma cells using the Superscript
Preamplification System GIBCO, Gaithersburg,
.MD . The cDNA was amplified by PCR using a pair
of degenerate oligonucleotide primers that were based
on two amino acid sequences conserved in all human
r a b s . T h e s e n s e p r im e r w a s 5 X-
 .  .GCGGAATTC ArGrC T ArGrCrT TGGGA-
 .  .  . X CrT AC ArGrCrT GC ArGrCrT GG-3 384-
.fold degeneration , corresponding to amino acids
WDTAG of GTP-binding domain II. The antisense
X  . primer was 5 -GCGTCTAGAAG ArG TC Ar
. . . .  . GrCrT CrG ArC CrT TT ArG TT ArGrCr
. X  .T CC-3 512-fold degeneration , corresponding to
amino acids GNKXD of GTP-binding domain III.
 .EcoRI and XbaI sites underlined were predesigned
into the sense and antisense primers, respectively.
The PCR was performed at 948C, 15 s, 458C, 30 s, a
min ramp to 728C, 30 s for 5 cycles, then 948C, 15 s,
558C, 30 s and 728C, 30 s for 25 additional cycles.
 .The products ;200 bp were digested with EcoRI
and XbaI, gel purified and cloned into pGEM11Z
vector. Randomly selected clones were sequenced
and searched in the GenBank using the Blast pro-
gram. Eight known sequences present from the initial
analysis were screened out by oligonucleotide hy-
bridization with sequences specific to each of them
w xaccording to a standard protocol 7 . These oligo-
nucleotides were derived from the least conserved
regions between the two PCR primers to enhance
their specificities. DNA from the negative clones was
purified and analyzed as described above.
The initial inventory of rab genes in human
melanoma cells employed degenerative primers be-
tween GTP-binding domains II and III; the 53 amino
acid distance between these two domains is nearly
invariable among human rab GTPases. Using this
strategy, a predominant PCR product of approxi-
mately 200 bp was observed on an agarose gel. The
PCR product was inserted into a plasmid vector and
transformed into bacteria to create a library. Forty six
clones were randomly selected and sequenced. Nine
different sequences were found. A GenBank search
showed that eight of them encoded previously identi-
fied low molecular weight GTP-binding proteins
 .  .  .LMWGs Table 1 ; the ninth rab27b showed high
homology to several rabs, particularly ram p25, a rat
rab protein initially cloned from a megakaryocyte
w xcDNA library 8 .
In order to detect small GTP-binding proteins of
lower abundance, an additional 1100 colonies were
Table 1
Types of GTP-binding proteins identified by first round of
screening
 .Rab-like sequence a of clones %
 .rap1a 13 28%
 .rab11a 12 26%
 .rab1a 8 17%
 .ranrTC4 8 17%
 .rhoA 1 2%
 .rab13 1 2%
 .R-ras 1 2%
 .LLRep3 1 2%
 .rab27b 1 2%
Total 46
The identity of the rab-like genes was determined by searching
GenBank for homology with the 160 bp of PCR-amplified se-
 .quence primer sequences excluded .
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picked from the bacterial library and colony hy-
bridization was carried out with oligonucleotides cor-
responding to the eight known LMWGs identified in
the first round of analysis to screen out these LMWGs.
 .Approximately 900 colonies 85% were positive,
indicating that these 8 LMWGs indeed comprised the
majority of small GTP-binding proteins in the
melanoma cells. Some of the negative clones con-
tained the empty vector or did not grow in culture
medium. However, 80 negative colonies with inser-
tions of 200 bp were successfully sequenced Table
.2 , and a total of 26 different small GTP-binding
proteins were identified in two rounds of screening.
In the first round of screening, the four LMWGs
identified with the highest frequencies were rap1a
 .  .  .28% , rab11 26% , rab1a 17% , and ranrTC4
 .17% . Rap1a was the first member of the rap sub-
family identified in the ras superfamily. Rab11a is the
mammalian homologue of yeast Saccharomyces
pombe YPT3, and rab1a is the homologue of yeast
Saccharomyces cere˝isiae YPT1. Ran, or TC4, is a
close relative of the rab family within the ras super-
family; it is one of four soluble factors involved in
the transport of proteins from cytoplasm through the
w xnuclear pores 9 .
Four known LMWGs rhoA, rab13, R-ras, and
.LLRep3 appeared less frequently in the first round
of screening. RhoA is involved in the regulation of
w xF-actin in cytoskeleton assembly or disassembly 10 .
R-ras may play a role in controlling integrin ligand
binding activity and cell-extracellular matrix interac-
w xtions 11 . LLRep3 is the human homologue of a
highly conserved mouse repetitive sequence family
w xwith unknown function 12 .
The sequences identified in the second round of
screening were grouped into three sets: sequences
also present in the first round of screening, new
sequences which were perfect matches to known
ras-like sequences, and new sequences which were
 .homologues to known rab-like sequences Table 2 .
The first group included sequences which had leaked
through the oligonucleotide hybridization, such as
 .ranrTC4, rap1a, rab1a, and rhoA Table 2 , as well
as the rat ram p25-like sequence subsequently named
rab27b. In the first round of screening, rab27b ac-
counted for 1 of 46 clones examined; in the second
round, it accounted for 21 of 1100 clones, or approxi-
mately 2% in both cases. A similar sequence, subse-
quently named rab27a because it matched perfectly
with rat ram p25, also appeared in the second round
Fig. 1. Amino acid sequences of novel melanocyte rab-like proteins, aligned with their isoforms or counterparts from other species. c,
canine; h, human; r, rat. The amino acids whose nucleotide sequences provided the degenerative PCR primers are underlined. The amino
acids that are different from the known sequences are in bold. A. Rab27 subfamily; B. Rab1 subfamily; C. Rab6b subfamily; D. Rab8
subfamily; E. Rab22.
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Table 2
Small GTP-binding protein sequences identified in the second
round of screening
Rab-like sequence a of clones
Repeats from round 1
ranrTC4 9
rap1a 6
rab1a 2
rhoA 1
rab27b 21
New; perfect matches
rap2b 8
rab5c 6
rheB 6
rab8a 2
rhoC 2
TC21 2
rab3b 1
rab4 1
rab7 1
rab27a 1
New; homologous
rab22 3
rab30 2
rab1b 2
rab1c 1
rab6b 1
rab8b 1
rab10 1
TOTAL 80
1100 colonies were screened first by oligonucleotide hybridiza-
tion to the first 8 sequences listed in Table 1. The 80 negative
colonies containing inserts were sequenced and compared to
sequences in GenBank.
of screening and proved to be an isoform of rab27b
 .Table 2, Fig. 1A . The other perfect matches with
known rabs included rap2b, rab5c, rheB, rab8a, rhoC,
 .TC21, rab3b, rab4, and rab7 Table 2 .
The imperfect matches revealed by the second
round of screening represent either isoforms of known
human rabs, or human homologues of rabs isolated
from other species. The first category included two
sequences tentatively named human rab1b PCR-
.  .hrab1b and human rab1c PCR-hrab1c . They
showed high homology to rat rab1b at the nucleotide
 .level 89% and 86%, respectively , as well as to each
other. Because PCR-hrab1b has only one amino acid
different from rat rab1b, and two amino acids differ-
ent from human rab1a in a stretch of 53 amino acids,
it is likely the human counterpart of rat rab1b Fig.
.1B . PCR-hrab1c, on the other hand, differs from
human rab1a and PCR-hrab1b by 6 and 4 amino
acids, respectively, suggesting that it may represent a
 .new isoform in the rab1 subfamily Fig. 1B . Another
clone, PCR-hrab6b, showed 96% amino acid identity,
but only 78% nucleotide sequence identity, to human
rab6, and may represent a new isoform of rab6 Fig.
.1C .
Three different sequences appeared to be human
homologues of rabs isolated from other species. Clone
PCR-hrab8b showed complete amino acid identity
 .94% identity at the cDNA level to the recently
identified rat rab8b, and 96% amino acid identity
 .77% identity at the cDNA level to human rab8,
indicating that it is the human homologue of rat
 .  .rab8b Fig. 1D . Less identity 77% was seen with
three clones designated PCR-hrab22, which presum-
ably could either be the human homologue of canine
 .rab22, or its isoform Fig. 1E . PCR-hrab10 showed
99% and 95% identity at the nucleotide level to
canine and rat rab10 and encoded a peptide identical
to the corresponding regions of canine and rat rab10.
Hence, it is most likely the human counterpart of that
 .rab not shown .
Finally, one sequence had all the conserved amino
acids residing between GTP-binding domains II and
III, and showed greater homology to rab protein
sequences than to any other sequences in GenBank.
However, its sequence identity to any known rab
proteins was less than 52%. Since the amino-terminal
and carboxy-terminal sequences of rab proteins are
much more variable than the region between GTP-bi-
nding domains II and III, the overall identity of this
rab will be even lower. Therefore, this sequence Fig.
.2 may be a new member of the rab family and is
tentatively named rab30 in accordance with the cur-
w xrent nomenclature system 13 . Since the region be-
tween GTP-binding domains II and III is conserved
Fig. 2. Partial nucleotide and deduced amino acid sequences of
human rab30. GTP-binding domains II and III are boxed. The
highly conserved residues between these domains are underlined.
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among all human rabs, it is not always possible to
differentiate whether very similar sequences from
different species are homologues or isoforms within a
subfamily. For example, human rab3a and rab3b,
bovine rab3a, rab3b and rab3c, and rat rab3a all share
w xidentical sequences in this region 14 . The exact
identity of each rab can only be confirmed after its
full length cDNA has been isolated.
Like other mammalian cells, melanoma cells ex-
press a complex array of small GTP-binding proteins.
In fact, 26 LMWGs in the ras superfamily were
identified, including 17 rab sequences Tables 1 and
.2 . Therefore, although our PCR primers were de-
signed from the sequences of human rab proteins,
they apparently also amplified sequences of other
small GTP-binding proteins of the ras superfamily,
presumably because the GTP-binding domains of
these proteins are highly conserved. Other investiga-
tors have also reported multiple rab mRNAs using
cDNA libraries of other cell types and tissues. For
example, screening a canine kidney cDNA library
w xresulted in 11 LMWG, including 9 different rabs 15 ,
and screening a rat brain cDNA library revealed 11
w xrab family members 16 . Compared with cDNA
library screening, the PCR-based approach appears to
be a more sensitive survey method. Using the PCR
method, Chavrier et al. identified 21 different
LMWGs in mouse kidney, including 16 rab se-
w xquences 17 . Since all of these sequences had been
encountered at least 5 times, the authors considered
their screening to have been quite exhaustive. In our
own screening, 8 sequences accounted for approxi-
mately 85% of the clones, while most of the remain-
ing sequences had a 10-fold lower frequency. Several
sequences were seen only once, which may argue
against the completeness of the inventory. On the
other hand, the large number of different LMWGs
identified offers confidence that the majority of the
rabs expressed in pigmented melanoma cells have
been identified.
Our results reveal the complexity of the rab gene
family. There are now over 30 distinct members
identified, and the family is still expanding. Even
though not every member has been identified in two
or more species, it is likely that all the mammalian
species will have a similar contingent of rab proteins,
as shown by the human homologues identified here
 .rab1b, rab8b, rab10, rab22, and rab27a . Many rabs
clearly have isoforms, creating subfamilies. Two new
 .subfamilies rab6 and rab27 and one new isoform
 .rab1c were added by our results. The biological
significance of these isoforms remains to be deter-
mined.
The melanoma cell apparently shares the expres-
sion of several rab proteins with the platelet, a highly
differentiated and functionally unrelated cell type.
Using polyclonal antibodies, it has been shown that a
set of rab proteins, including rab1, rab3b, rab4, rab6
w xand rab8, are present in platelets 18 . Other small
GTP-binding proteins identified in platelets include
w xrac1, rap1a, rap1b, rap2b, rhoA 19,20 and, very
w xlikely, ram p25, or rab27a 8 . In addition, several
unidentified small GTP-binding proteins of molecular
w xweight 23–27 kDa, such as Gn24 and c25KG 20,21 ,
are present in platelets. Rap2b cDNA was initially
w xisolated from a platelet cDNA library 22 ; although
rap2a shares 90% identity with rap2b, only rap2b was
present in platelets. Similarly, our second round of
screening showed that 10% of the clones present in
 .melanoma cells were rap2b Table 2 , while no rap2a
was detected. Furthermore, we found that the platelet
proteins rab1, rab3b, rab4, rab6, rab8, rab27a, rap1a,
and rhoA were all expressed in melanoma cells as
well. Consequently, these proteins are candidates for
involvement in the 10–15 human and murine disor-
ders which feature defects of the melanocyte and the
platelet, i.e., pigment dilution and a platelet storage
pool defect.
References
w x  .1 Novick, P. and Brennwald, P. 1993 Cell 75, 597–601.
w x  .2 Pfeffer, S.R. 1994 Curr. Opin. Cell Biol. 6, 522–26.
w x  .3 Simons, K. and Zerial, M. 1993 Neuron 11, 789–799.
w x4 Witkop, C.J., Quevedo, W.C., Fitzpatrick, T.B. and King,
 .R.A. 1989 in The Metabolic Basis of Inherited Disease,
6th ed Scriver, C.R., Beaudet, A.L., Sly, W.S. and Valle,
.D., eds. , pp. 2905–2947, McGraw-Hill, New York.
w x  .5 Orlow, S.J. 1995 J. Invest. Dermatol. 105, 3–7.
w x6 Swank, R.T., Jiang, S.Y., Reddington, M., Conway, J.,
 .Stephenson, D., McGarry, M.P. and Novak, E.K. 1993
Blood 81, 2626–35.
w x  .7 Sambrook, J., Fritsch, E.F. and Maniatis, T. 1989 Molecu-
lar Cloning: A Laboratory Manual. Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY.
w x8 Nagata, K-i, Satoh, T., Itoh, H., Kozasa, T., Okano, Y., Doi,
 .T., Kaziro, Y. and Nozawa, Y. 1990 FEBS 275, 29–32.
( )D. Chen et al.rBiochimica et Biophysica Acta 1355 1997 1–66
w x  .9 Moore, M.S. 1996 Science 272, 47.
w x  .  .10 Ridley, A.J. 1994 J. Cell Sci. Suppl. 18, 127–131.
w x11 Zhang, Z., Vuori, K., Wang, H.-G., Reed, J.C. and Ru-
 .oslahti, E. 1996 Cell 85, 61–69.
w x12 Slynn, G., Jenner, D., Potts, W., Elvin, P., Morten, J.E.N.
 .and Markham, A.F. 1990 Nucl. Acids Res. 18, 681.
w x  .13 Kahn, R.A., Der, C.J. and Bokoch, G.M. 1992 FASEB J.
6, 2512–2513.
w x  .14 Baldini, G., Hohl, T., Lin, H.Y. and Lodish, H.F. 1992
Proc. Natl. Acad. Sci. USA 89, 5049–5052.
w x15 Chavrier, P., Vingron, M., Sander, C., Simons, K. and
 .Zerial, M. 1990 Mol. Cell. Biol. 10, 6578–6585.
w x  .16 Elferink, L.A., Anzai, K. and Scheller, R.H. 1992 J. Biol.
Chem. 267, 5768– 5775.
w x  .17 Chavrier, P., Simons, K. and Zerial, M. 1992 Gene 112,
261–264.
w x  .18 Karniguian, A., Zahraoui, A. and Tavitian, A. 1993 Proc.
Natl. Acad. Sci. USA 90, 7647–7651.
w x  .19 Manning, D.R. and Brass, L.F. 1991 Throm. Hoemostasis
66, 393–399.
w x20 Nagata, K-i, Itoh, H., Katada, T., Takenaka, K., Ui, M.,
 .Kaziro, Y. and Nozawa, Y. 1989 J. Biol. Chem. 264,
17000–17005.
w x21 van der Meulen, J., Bhullar, R.P. and Chancellor-Maddison,
 .K.-A. 1991 FEBS Lett. 291, 122–126.
w x  .22 Torti, M. and Lapetina, E.G. 1994 Throm. Homeostasis
71, 533–543.
